The paper deals with plant species richness -diversity relationship along the rising elevation in a semi-disturbed tree line ecotone in upper Bhaderwah, a part of lesser Himalaya. 253 plant species distributed over 170 genera and 62 families were recorded during the intensive field surveys carried during May 2014 to September 2016. These included 11 trees, 29 shrubs and 213 herb species with 247 angiosperms and 6 gymnosperms. Family Asteraceae with 37 species dominated the study area. Maximum richness (179) was observed at sub-alpine zone (Site IV) while the trees (H'=1.74) and shrubs (H'=2.48) revealed maximum diversity at Site III and herbs at Site IV (H'=4.60). The maximum evenness for trees, shrubs and herbs was exhibited by sites III (J'=0.79), V (J'=0.87) and VI (J'=0.94), respectively. The diversity and evenness showed an incremental rise along the rising elevation reaching maxima at the mid elevation with Site-IV being the species rich and Site-VII species deficit, which implies that sub-alpine and alpine forests need effective monitoring and conservation.
INTRODUCTION
The treeline ecotone, marked by the culmination of the forested zone is the most prominent ecological boundary governed by climatic factors in the high mountains (Holtmeier, 2003) . In a broader sense, the alpine timberlines represent the upper limit of forest on a mountain (Wardle, 1974) . A product of the stochastic nature of weather and resilience of plant life, it forms a complex transitional boundary in mountain environments harbouring unique vegetation types therein. Recent climate change has become one of the main drivers of shifts in the geographical distributions of plant species (Sykes, 2009; Parmesan et al., 2011; Pacifici et al., 2015; Kosanic et al., 2018) . Changes in geographical distributions of vegetation at the local and regional scales can impact community composition, ecosystem function, and genetic diversity, which can make plants even more vulnerable to on-going environmental change (Butchart et al., 2010; Richardson et al., 2010; Vila and Ibanez, 2011) . The dense and close forests above the tree line gradually give way to shrubs and/or meadows where trees become stunted and deformed by the severe climate. Rather than moving upward in defined bands, shifting plant assemblages are influenced by local topography and soil moisture (Hall and Fagre, 2003) . Other factors mentioned as significant causes include microtopography including tree islands themselves (Holtmeier and Broll, 1992) , soil composition (Cairns, 1998) , fire (Rochefort et al., 1994) , winter injury (Cairns and Malanson, 1998) , and aspects of tree reproduction including seed bank location and abundance (Cairns and Malanson, 1997) . The alpine tree line ecotone, despite a long history of observations and field investigations, remain relatively poorly understood in some respects when compared to other ecosystems. Proper understanding of forest structure is a pre-requisite to describe various ecological processes and model the functioning and dynamics of forests (Elourard et al., 1997) . The various constituents of species diversity that govern the expression of traits include the number of species present (species richness), their relative abundance (species evenness), presence of the particular species (species composition), the interactions among species, and the spatial and temporal variation in these properties. Species diversity im-pacts the resilience and resistance of ecosystems to environmental changes as well as effecting the current functioning of ecosystems (Chapin et al., 2000) . In an attempt to better understand the trend in species richness and diversity along the rising elevation, the field surveys were conducted along a tree line ridge in upper Bhaderwah, valley of Jammu and Kashmir. The complex physiographic and topographic complexity of the mountain ranges of upper Bhaderwah valley has resulted in extreme habitat and microclimatic heterogeneity influencing the current distribution of vegetation.
MATERIALS AND METHODS
Study area: Our study focused on topographically complex regions located along the southwestern mountain ranges of Upper Bhaderwah valley covered by floristically diverse old growth. The study area forms the south-western part of Chenab catchment namely Kailash Kund circuit divided into seven sites at a regular interval of 200 m each starting from Chattergalla (2800 m) to Kailash lake (4000 m) (Fig 1) . The forests of the study area are mainly composed of Kharsu OakConifer mixed patches leading to alpine scrub, vast meadows and rocky out crops beyond. Besides forming a typical tree line ecotone with a good diversity of vegetation, the study area is exposed to moderate disturbances in the form of unscientific TMAP extraction, fuel wood burning, timber removal, overgrazing, browsing and trampling, pollution, etc. which is attributed to myriad of situations which last for the entire summers in these highlands (Figs 2-7) Methodology: The detailed floristic investigations were carried out in the study area during May 2014 to September 2016. 100 m 2 quadrats, twenty each were laid at all seven sites in an elevational range of 1200 m (2800 m to 4000 m). In each 10m x10 m quadrat, the smaller quadrats of 25 m 2 and 1 m 2 each were laid for shrubs and herbs, respectively. Plants were collected (for herbarium) and photographed on the spot for identification. Proper care was taken to avoid any loss to the plants and habitat bearing them. The plant samples were collected in newspaper and compressed with the help of herbarium press, dried and finally mounted on herbarium sheets. The voucher specimens have been kept in the herbarium of Institute of Mountain Environment. Plant identification was mostly done on the field with the help of field guide viz. Flowers of the Himalaya (Polunin and Stainton 1984) besides consulting taxonomic experts of the region. Three vegetation layers, i.e. tree, shrub and herb were analyzed for species richness, diversity and dominance. Species richness was simply considered as the number of species per unit area (Whittaker, 1972) . The richness was obtained by using the formula SR = S-1/ln (N) given by Margalef (1968) and SR= s/√n (Menhinick, 1964) (where, S = number of species and N = Total number of individuals (of all species in case of Menhinick's index). The Shannon-Weiner diversity Index (Shannon and Wiener, 1963 ) was calculated by using formula H'= -∑ni/n log2 ni/n (where ni is the IVI of a species and n the sum total IVI values of all species in a forest type) while the evenness (equability) was obtained using the formula E1 = H / ln (s) (Pielou, 1966) . Dominance was calculated using Simpson's index (Simpson, 1949) Herb
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Selinum filicifolium (Edgew.) Nasir. Herb Herb (15) Orchidaceae (12) and Caryophyllaceae (8) . The conifers are widely distributed especially along the lower elevations. Pinus wallichiana, Picea smithiana and Abies pindrow with interspersed patches of Taxus wallichiana dominate the ridge bases especially along the northern aspects (Sites I, II and III). Kharsu-Oak, Quercus semecarpifolia forms the climax treeline community along the ridge tops mostly facing the southern aspects (Sites III and IV). The northern aspects however harbor a mix of Betula utilis and Abies pindrow patches at lower slopes. The bare ridge tops harbor immensely rich and unique herbaceous diversity mostly comprising the threatened medicinal and aromatic plants. Richness and Diversity: Species richness and diversity for the trees, shrubs and herbs at all the 7 sites exhibited the interesting results along the rising elevation. Maximum species richness (178 species) was recorded at Site-IV with the dominance of herbs (149 species) followed by Site-III (139 species), Site-V (121 species), Site-II (113 species), Site-I (100 species) and Site-VI (82 species). Site-VII at the highest elevation of 4000 m with the extreme conditions offers least survival rates and thus recorded the lowest species richness of 61 (Fig 8a) The trend in species richness followed a decreasing trend with maximum number of herbs followed by trees and shrubs at all the 7 sites ( I  II  III  IV  V  VI  VII  Trees  8  8  9  9  1  0  0  11  Shrubs  14  23  20  20  14  6  2  29  Herbs  78  82  110  149  106  76  59  213  Total  100  113  139  178  121  82  61  253   Table 3 . Plant species richness, diversity, dominance and evenness along the rising elevation in the study area. (Fig 8b) . The value of Simpson's index was recorded maximum for herbs (1D=0.98) at Site IV, for shrubs (0.89) and trees (0.79) at site III (Table 3) .
Parameter

DISCUSSION
The study area is represented by sub-alpine to alpine vegetation with broadleaved-conifer mixed stands at lower elevations taken over by KharsuOak climax community and alpine scrub along the rising elevation from 2800 m to 4000 m in upper Bhaderwah catchment. During their floristic analysis in Bhaderwah and vicinity, Kumar (1987) , Kumar (1997) species richness with the rising elevation. The dendrogram for diversity (Fig 8b) Sharma and Raina (2013) . In terms of trees, Quercus semecarpifolia singly dominates Site IV while Site VII indicated the prevalance of shrubs. The herbs dominated all the seven sites.
The reason for dominance of single or few species at these sites may be due to sudden changes in the extreme weather conditions in this zone resulting in the occurrence of only the tolerant species (Singh and Rawat, 2000) . The occurrence of Quercus semecarpifolia and Betula utilis along the sub-alpine altitudinal gradient suggests their tolerance to biotic pressures and wider ecological amplitude wherein Kharsu-Oak is a climatic climax (Champion and Seth, 1968) .
Conclusion
The investigations revealed that mid-elevations support higher species richness and diversity than the cold and higher elevational cover types, which implies that sub-alpine and alpine forests need effective monitoring and conservation. The study suggests that the distribution and species richness pattern of different tree species are largely regulated by altitude and climatic factors.
